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I. 
INTRODUCTION. 
It has not often been possible to consider the relation between the 
composition of  proteins  and  their  behavior.  This has  been due, in 
part,  to the complexity of this  class of substances; a complexity often 
as bewildering as the organizations  and  symmetries of the biological 
systems which  proteins  constitute,  and  always more  intricate  than 
the stereochemistry of the simpler organic compounds of which pro- 
teins are, in turn, composed.  The large molecular weights of the pro- 
teins,  and  the large  number  of amino  acids that  combine with  each 
other  to  produce  these  vast  molecules  give  abundant  evidence of 
their  structural  complexity.  The  failure  to  correlate  the  behavior 
of proteins  with  their  composition has probably depended less upon 
this  complexity,  however,  than  upon  incomplete  knowledge  of  the 
amino  acids they contain. 
Recent  advances  in  the  methods  of  isolating  and  of  estimating 
amino acids have greatly increased our knowledge of the composition 
of  certain  proteins.  Thus  the  composition  of  casein  is now 94.2 
per cent  1 known (1).  As a result of Dakin's new butyl alcohol method 
1  The convention has been followed  of referring to the ratio of the weight of 
the amino acid recovered, to the weight of the protein analyzed as the percent- 
age composition of the protein.  The water absorbed by the amino acids during 
hydrolysis should, of course, be added to the denominator, in order to yield the 
true percentage composition. 
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of extracting  protein  hydrolysates,  the  yields  of dicarboxylic amino 
acids  isolated  from  casein  have  been  increased  from  16.9  to  36.4 
per  cent  (2).  In  short,  the  yield  of  these  divalent  acids  has  been 
more  than  doubled.  The  earlier  estimates  of the  number  of dicar- 
boxylic acids in  casein were so nearly  of  the  same  order  as  those 
of ammonia as to suggest that most of the carboxyl groups that were not 
held in polypeptide linkage were bound as amides (3, 4).  From these 
early estimates it has been inferred "that the predominant method of 
union of proteins with acids and  bases is not through  the agency of 
free amino or carboxyl groups"  (5,  6,  and  72).  The increased yields 
of dicarboxylic amino acids that Dakin has now obtained are, however, 
as we have  elsewhere shown  (8),  quite sufficient to account  for  the 
capacity of this protein to combine with base.  As a  result it seemed 
proper to conclude that  a  relation  obtained between the  amino  acid 
composition of casein and its acid properties. 
Within  the  year  Dakin  (9)  has  completed  a  new analysis of the 
amino acids in zein, as a result of which its composition is now better 
known  than  that  of any other protein.  The amino  acids that  have 
been recovered from, or estimated in,  zein account for 95.3 per cent  ~ 
of its composition.  The information  yielded by analysis that makes 
zein almost unique  among  the  proteins  is  the  complete  absence  of 
tryptophane and of lysine, and the presence of only a trace of histidine 
and  arginine.  Of  the  three  diamino  acids,  one,  lysine,  is  therefore 
lacking, and the other two account for less than 3 per cent. 
Although  so poor in diamino  acids,  zein is remarkably  rich in di- 
carboxylic acids;  especially glutamic  acid.  More  than  one in every 
four, and nearly one in every three of the amino acids in zein is glu- 
tamic  acid.  This  great  predominance  of  dicarboxylic  amino  acids 
would indicate  an extremely acid protein,  were it not that  zein  also 
is extremely rich in ammonia.  The large amount of ammonia  nitro- 
gen suggests, however,  that  a  large  part  of  the  free  groups  of  the 
dicarboxylic acids is held in amide linkage  (4). 
Analyses alone  afford  us,  therefore,  concise information  regarding 
the composition of zein.  It has been our intention  to investigate in 
how far the behavior of this protein was interpretable in terms of its 
composition. 
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II. 
The Minimal Molecular Weight of Zein. 
Since  each molecule of protein must be  considered to contain at 
least  1 molecule of each of its  constituent amino acids  the results 
of analyses may be used in computing the minimal molecular weights 
of proteins.  Thus  we  have  previously used  the  tryptophane con- 
TABLE  I. 
The  Minimal  Molecular  Weight  of Zein  Calculated from  Its  Composition. 
Weight  Composition  MinlrnaJ  Constituents  of zein.  containing  of zcin,  molecular 
1  mol.  weight, 
Histidine  content* 
Serine  "  * 
Arginine  "  "f 
Aspartic  " 
Hydroxyglutamic  " 
Valine  "  * 
Sulfur  " 
Tyrosine  " 
Phenylalanine  " 
Proline  " 
Alanine  " 
Leucine  " 
Glutamic  " 
Ammonia  " 
Cystine  " 
Composition 
of zein. 
per cent 
0.8 
1.0 
1.8 
1.8 
2.5 
1.9 
§  0.6 
II  5.6 
:~  7.6 
*  9.0 
**  3.8 
25.0 
31.3 
*  3.6 
II  0.5 
gm. 
19,391 
10,509 
9,676 
7,394 
6,524 
6,165 
5,345 
3,235 
2,173 
1,279 
525 
470 
473 
mols 
1 
2 
2 
3 
1 
3 
41 
41 
? 
19,391 
21,018 
19,352 
22,182 
19,572 
18,495 
21,380 
19,410 
19,557 
19,185 
19,425 
19,270 
19,393 
* Osborne and Liddle, quoted from Dakin (9). 
t Kossel and Kutscher, quoted from Dakin (9). 
:~ Dakin  (9). 
§ Osborne (4),  p. 87. 
[] Folin and Looney (10). 
** In view of Dr. Dakin's recent careful redetermination, Dr. Osborne doubts 
the accuracy of the higher figure, 9.8 per cent, obtained by Osborne and Liddle. 
tent  of  casein in  estimating its  minimal molecular weight,  and  at 
that  time  explained  in  detail  the  method  of  calculation  (1).  In 
Table I  we have used the analysis of zein published by ])akin  (9) 
for the calculation of the minimal molecular weight of that protein. 
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determinations  of  Folin  and  Looney  (10).  Cystine  and  histidine 
would seem to be the amino acids in which zein is poorest.  If zein 
contains  0.8  per  cent of histidine  the  molecular  weight  of zein  can- 
not  be less  than  19,387.  On  the  other  hand,  if newer  analyses  in- 
crease  the  amount  of  this  amino  acid the probable minimal  molec- 
ular  weight,  as  estimated  from  histidine,  would  of  course  become 
smaller. 
There  is  some  reason  to  believe  that  no  very great  change  will 
occur in  this  estimate of the  minimal  molecular weight.  For if the 
zein  molecule  contains  2  molecules  of arginine  its  weight  would be 
19,344;  3  molecules  of  ¢~-hydroxyglutamic  acid  bring  the  molec- 
ular  weight  to  19,752;  3  of  aspartic  acid  to  22,182;  and  4  atoms 
of  sulfur  to  21,380  (4).  3  Although  it  is  probable  that  all  of  these 
values  will  change  as  methods  of separation  and  analysis  improve, 
the very high known percentage composition of zein on the one hand, 
and  the  frequency with  which  a  small  number  of  assumed  molec- 
ules leads  to a  molecular weight near 20,000  allows us  to assume  a 
figure  of this  order for the  minimal  molecular  weight  of  zein  with 
a  fair degree of probability. 
The  true molecular weight  of zein may be very much  larger  than 
20,000.  Folin  and  Looney  (10)  have  found  only  0.5  per  cent  of 
cystine  in  zein  hydrolysates  by their  colorimetric  method.  If  this 
estimate is correct the molecular weight  cannot  be less than 48,040. 
Osborne (4, s 11) had previously found that zein contained but a small 
amount of sulfide sulfur, and had  accordingly predicted a high molec- 
ular  weight.  He  found  but  0.212  per  cent  of  sulfide  sulfur.  On 
the  basis  of  this  determination  15,127  gm.  of  zein  would  contain 
but  1  such  atom.  Three  times  this  value  leads  to  a  molecular 
weight  of  45,381,  which  is  in  good  agreement  with  the  molecular 
weight  postulated  on  the  basis  of  the  cystine  content.  This  coin- 
cidence lends a  certain weight to both values, and also suggests that 
all  of  the  sulfide  sulfur  in  zein  cannot  represent  cystine  (4, 4 12). 
In  the  case of zein,  as in  that  of casein,  it  seems preferable to pro- 
3  Osborne (4), p. 87. 
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ceed on the basis of a  minimal molecular weight, and await further 
investigation before speculating as  to  the  true molecular weight of 
this protein. 
III. 
The Dicarboxylic  Amino Acids in Zein. 
On  the  basis  of  a  minimal  molecular  weight  of  approximately 
19,400  the  number  of  molecules  of  each  amino  acid  contained  in 
zein  has  been  estimated.  The  resultant  molecular  composition  of 
the protein, recorded in Table I, is perhaps more easily interpretable 
than  the  percentage composition.  Thus  the  analytical  results  in- 
dicate that on the basis of a molecular weight of 19,400 zein contains 
3  molecules of aspartic  acid,  3  of /3-hydroxyglutamic acid,  and  41 
of glutamic acid; or in all 47 dicarboxylic acids.  On the assumption 
that  the  41  ammonia molecules  represent  amide-bound  carboxyl 
groups,  these must be subtracted  from the 47  dicarboxylic acids to 
yield the number of free carboxyl groups  derived from this  source. 
The excess of dicarboxylic acids over ammonia leaves six such groups. 
There may, of course, be more free acid groups in zein.  In making 
a  similar estimate for casein we pointed out that it "is possible that 
further  advances  in  the  methods  of  extracting  and  separating  the 
amino acids may increase even the high yields that Dakin  has now 
obtained.  It is  conceivable  that  such  amino acids as  tyrosine and 
cystine may retain a  certain capacity to combine base when held in 
polypeptide  linkage.  Finally  certain  monoamino  monocarboxylic 
acids may be so oriented in the protein molecule as to yield terminal 
groups.  On the other hand, certain of the dicarboxylic acids might 
exist in  such firm combination with the terminal groups of diamino 
acids,  that  they would  not  bind  base  at  the  alkalinities  that  we 
have reached" (8).4 
In  a  subsequent  section  measurements  of  the  base-combining 
capacity  of  zein  are  reported  and  compared  with  what  might  be 
expected from the composition of the protein.  This comparison in- 
volves  no  assumption  regarding  the  minimal  molecular  weight  of 
zein,  for the free dicarboxylic acids can be directly calculated from 
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the percentage composition.  This has been done in Table II.  Divid- 
ing the percentage of the amino acid in a protein, by the molecular 
weight  of  the  amino  acid  yields  as  quotient  the  number  of mole- 
cules of the amino acid in the protein.  By adding together the mole- 
cules of the dicarboxylic  amino acids  and subtracting  the molecules 
of ammonia we come to the conclusion that the free groups of dicar- 
boxylic acids  in  1 gm.  of zein  should  combine approximately 30  × 
10 -5 tools of base. 
IV. 
The Charaaerization  of Zein. 
Two  zein  preparations  from  two  different  laboratories  have  been 
used  in  these  experiments,  and  have  given  closely  concordant  re- 
TABLE  II. 
Calculation of Free Acid Groups in Zein. 
Dicarboxyllc amino acids in zcin. 
Gin-  Aspar-  drHoYx  - 
tamic  tic  luta~ic  Total 
acid.  acid.  g acid. 
(a)  (b)  (c)  [(a~+~ 
Amount found in zein, percent .... [  31@  1.8[  2.5l  35., 
2viols in 1 gm. ofzein, mols >( 10-~[ 212.8[  13.5  ]  15.3  [  241A 
Amide- 
bound 
dlcar- 
boxylic 
acids. 
Am- 
nonia. 
3.6 
211.5 
Free 
dicarboxyllc 
acids. 
(a+b+¢-~3 
30.1 
sults.  For one we are indebted  to  Dr.  T.  B.  Osborne,  and  for  the 
other  to  Dr.  J.  M.  Looney.  The  former,  with  which  most  of  the 
work has been done,  was prepared  by Mr.  L.  S.  Nolan at the Con- 
necticut  Agricultural  Experiment  Station  in  1923.  Dr.  Looney's 
zein was prepared  in connection with  the investigation  of Folin and 
Looney already alluded  to of "colorimetric methods/or  the separate 
determination  of  tyrosine,  tryptophane,  and  cystine  in  proteins" 
(10). 
The  dry zein obtained  from these different sources was transfered 
to salt mouth Nonsol bottles;  wetted  with  distilled  water,  and  me- 
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action.  When  the  zein  had  settled  completely,  the  supernatant 
liquid was decanted, and the solid material ground with pestle and 
mortar until quite fine.  The finely subdivided precipitate was then 
returned to the Nonsol bottle and washed with repeated changes of 
distilled water.  The  zein  was  brought  into  equilibrium  with  each 
successive wash  water by prolonged high speed mechanical stirring. 
The  wash  waters were  tested for  chloride and  sulfate,  and  the hy- 
drogen  potentials  measured.  The  zein  was  not  used  until  water 
TABLE III. 
lqO. Of 
washings. 
1 
2 
3 
4 
5 
6 
10 
12 
13 
14 
15 
16  ' 
17 
Osborne's zein. 
Chloride.  Sulfate. 
0  0 
pR  + 
5.8 
5.8 
5.7 
5.7 
5.7 
Osborne's zein reprecipitated. 
Chloride.  Sulfate.  pH  + 
+  0  5.7 
+  5.5 
+  5.5 
+  5.8 
0  5.8 
l~oney's  zein. 
Chloride.'  Sulfate. 
i 
+  i  0 
+ 
+ 
+ 
? 
? 
? 
pH  + 
4.4 
4.5 
4.5 
4.5 
4.8 
5.0 
5.5 
5.2 
5.6 
5.7 
saturated with it had  a  constant hydrogen potential, and  was  free 
from  chloride  and  sulfur.  Osborne's  zein  was  free  from  chloride 
and  sulfur,  and  produced  a  hydrogen potential  in  water  from pH 
5.7  to  6.0.  The  different  samples  of  this  preparation  that  have 
been  used  were  always washed  from  five  to  ten  times.  Looney's 
zein was free from sulfate, but at first contained a  trace of chloride. 
The  first seven  wash  waters  of  this  preparation had  a  pH  of  4.5. 
By  the  tenth  washing  the  chloride  had  disappeared.  The  water 
saturated  with  the  preparation  became  progressively  more  nearly 
neutral during the next five washings.  The record of these changes 
is  reported  in Table  III. 
After  the  fifteenth  washing  the  pH  produced  by  this  prepara- 
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the  two preparations had  been  brought  to  the  same  physical state 
in  which  they "dissolved in  water  to  a  constant  and  characteristic 
extent when the amount of protein precipitate with which  the solu- 
tion was in heterogeneous equilibrium was varied within wide limits" 
and  in  which  "the  dissociated  ions  of the  dissolved  protein give  a 
hydrogen ion  concentration to  water"  (13) 8 of approximately 2  × 
10  -6  N. 
The solubility in water of Osborne's zein was determined in three 
different experiments.  The  amount  of saturating  body was  varied 
TABLE  IV. 
Solubility of Zein in Water. 
Preparation 
and 
experiment 
No. 
O-1 
0-2 
0-3 
Date. 
1993 
June 7. 
1994 
Feb. 21. 
Mar. 24. 
Average  ....... 
Zein nitrogen  suspended in 100 cc. 
rag.  rag.  mg.  1  rag.  rag. 
13.8  27.6  34.5  I  57.5  69.0 
Zein nitrogen in 25 ce. of filtrate. 
mg. 
0.24 
0.21 
0.22 
0.22 
rag. 
0.22 
0.22 
0.22 
0.22 
rag.  mg. 
0.20  0.22 
0.20  0.22 
0.22 
0.20 
0.20 
0.20 
0.22 
0.20 
0.20 
0.21 
~g. 
0.23 
0.24 
0.23 
o.23 
from  1  to  5,  without  affecting  the  solubility  of  the  protein.  In 
Experiment 3  a  fraction of zein was  employed that  had  previously 
been dissolved in sodium hydroxide, reprecipitated with hydrochloric 
acid,  and  again  washed  with  water.  Although  this  treatment  al- 
tered certain of the physical properties of the zein it had no measur- 
able effect upon the solubility of zein in water. 
The average of these experiments yields a  value of 0.22 rag. of N 
in 25  cc. or 8.8 rag. of N  in 1 liter for the solubility of zein in water 
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at  25°C.  Since  zein  contains  16.17  per  cent  of  nitrogen  (4)  only 
0.054 gin. of zein dissolved in 1 liter of water; the smallest solubility 
of  any  protein,  other  than  paracasein,  that  we  have  thus  far  de- 
tected. 
V. 
The Base-Combining Capacity of Zein. 
Zein  combines  with  sodium  hydroxide  and  passes  into  solution. 
The strength of the acid groups in zein, and the equivalent combining 
weight  of zein  for base are  being investigated by means of solubility 
and  electromotive  force measurements  upon  systems  containing  an 
excess  of  the  protein.  For  the  present  we  are  concerned  with  the 
relation between the dicarboxylic amino acids in zein and its maximal 
base-combining  capacity.  Accordingly  only  those  experiments  are 
reported  in  which  the  alkali  was  in  excess  of  the  protein.  Under 
these circumstances all the zein was dissolved. 
The  methods  that  have  been  employed in  measuring  and  in  cal- 
culating  the  base-combining  capacity  of  zein  from  electromotive 
force  measurements  have  already  been  described  in  detail  in  con- 
nection with a similar study upon casein.  "If one knows the original 
concentration  of the  basic solution,  and  the  amount  of  the  protein 
it  contains,  the  determination  of  the  residual  free  base  suffices for 
the  calculation  of the base bound by the protein.  The  free base in 
solution can be directly determined  by electromotive force measure- 
ments  of  the  hydrogen  electrode  against  any  known  standard" 
Measurements  are  reported  in Table V  of the  electromotive force 
between 0.1  N calomel electrodes and hydrogen electrodes in sodium 
hydroxide solutions containing  zein.  From these measurements, and 
the temperatures at which  they were made,  the hydroxyl potentials 
have  been  calculated  by means  of the  relation 
~.~.F. observed  --  E.~r.F. 0.1  calomel  (1) 
pK~ --  pOH-  =  0.001983  T 
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For  the  negative  logarithm  of  the  dissociation  constant  of  water, 
pK~,  the  SSrensen-Michaelis  (14) s  values  have  been  tentatively 
adopted;  and  for  the  0.1  ~  calomel  electrode  the  values  calculated 
by  Clark  (15)  from  Lewis,  Brighton,  and  Sebastian's  study of  the 
normal electrode.  For the reasons that have led us to employ these 
estimates  of  the  constants  reference  must  be  made  to  the  earlier 
communication  (8). 
The  free  sodium  hydroxide  in  systems  containing  zein,  and  an 
excess  of  alkali,  have  been  estimated  from  the  hydroxyl  potential 
measurements,  by means  of the  relation 
1 
log--  -- pNaOH  =  pOH---p-y  (2) 
(NaOH) 
in  which  pNaOH is  the  negative logarithm  of the sodium hydroxide 
concentration ,  and  p-~  the  negative  logarithm  of  the  activity  coef- 
ficient of the hydroxyl ion.  Some doubt obtains  as  to  the  activity 
coefficients  of  the  hydroxyl  ions  in  solutions  of mixed  electrolytes, 
for reasons  that  have  already been considered.  For the present  we 
have assumed  that  the  activities were determined  by the  total con- 
centration of base in the systems, and have adopted the -y values  of 
the hydroxyl ion of Lewis and  Randall  (16). 9 
The  difference between the  free sodium  hydroxide,  and  the  total 
sodium  hydroxide  in  these  systems  yields  the  base  bound  by  the 
zein.  The amount of base bound by the zein was very low in every 
experiment,  so low as  to  increase  appreciably  the  error  involved in 
such determinations.  This was smallest in the experiments in which 
2  per  cent  of zein  was  employed,  but  all  of  the  results  with  both 
preparations  of  zein  were  closely  concordant.  The  average  base- 
combining capacity of all the experiments with Looney's zein  (desig- 
nated by an L  in Table V) was 0.0031, and of Osborne's  (designated 
by an O)  0.0028 tools of sodium hydroxide per gin.  The  equivalent 
weights of zein bound by 1 tool of sodium hydroxide were therefore 
3,226  and  3,571,  respectively.  The  results  of  the  most  accurate 
experiments,  in  which  the  basic  solutions  contained  most  zein  and 
least  alkali,  indicate  that  this  divergence  was  attributable  to  the 
8 Michaelis (14), p.  23. 
9  Lewis and Randall (16), p. 382. COHN, BERGGREN, AND HENDRY 
TABLE V. 
Maximum  Base-Combining  Capacity of Zein. 
91 
Prepara-  Con-  pNaOH  Coneen- 
tion and  Zein  in  centra-  Tern-  tration 
experi-  1 liter,  tion  of  E,M.F.  pera-  pOH-  (pOH-  of free 
ment No.  NaOH.  ture.  -- V'/)  NaOH. 
0-1 
gin.  N.  vol~  *C.  u. 
10.30 0.0410  1.0675  21.9  1.491  1.426  0.0375 
1.0687  22.0  1.471  1.406  0.0393 
1.0682  21.7  1.478  1.413  0.0386 
1.0681  21.5  1.479  1.414  0.0385 
0-2  10.300.0205  1.0494  21.8  1.80{3  1.749  0.0178 
1.0492  21.6  1.802  1.751  0.0177 
1.0488  21.7  1.810  1.759  0.0174 
0-3  20.780.0205  1.0446  21.4  1.879  1.828  0.0149 
1.0435  21.4  1.898  1.847  0.0142 
1.0437  21.4  1.895  1.844  0.0143 
1.0436  21.4  1.896  1.845  0.0143 
0-4  24.400.0106  1.0127  21.9  2.428  2.392  0.0041 
1.0117  21.7  2.446  2.410  0.0039 
0.0074  21.4  2.516  2.480  0.0033 
L-12  9.800.01 
L-13  10,42 0.02 
L-IO  21.20 0.02 
1.0279  20.2  2.160  2.124  0.0075 
1.0255  19.3  2.195  2.159  0.0069 
1.0253  19.6  2.201  2.165  0.0068 
1.0256  20.0  2.200  2.164  0.0069 
1.0470  20.0  1.831  1.780  0.0166 
1.0465  19.4  1.835  1.784  0.0164 
1.0476  20.3  1.823  1.772  0.0169 
1.0433  22.4  1.908  1.857  0.0139 
1,0429  21.4  1.908  1.857  0.0139 
1.0420  22.3  1.930  1.879  0.0132 
NaOH 
/qaOH  bound  by 
bound.  I0 gm. 
of ~im 
r~ols  tools 
0.0035  0.0034 
0.0017  (0.0017) 
0.0024  0.0023 
0.0025  0.0024 
0.0027  0,0026 
0.0028  0.0027 
0.0031  0,0030 
0.0056  0,0027 
0.0063  0,0030 
0.0062  0.0030 
0.0062  0.0030 
0.0066  0.0027 
0.0067  0.0028 
0.0073  0.0030 
Average..  ! 0.0028 
0.0025  0.0026 
0.0031  0.0032 
0.0032  0.0033 
0.0031  0.0032 
0.0034  0.0033 
0.0036  0.0035 
0.0031  0.0030 
0.0061  0.0029 
0.0061  0.0029 
0.0068  O .0032 
Average..I  0.0031 
large experimental error introduced by small differences in the elec- 
tromotive  force  measurements,  when  the  base-combining  capacity 
was  low.  The  average of experiments L-10  and  L-12  was  0.0030, 92  PHYSICAL  CHEMISTRY  OF  PROTEINS.  IV 
and  of experiments 0-3  and  0-4  was  0.0029  tool sodium hydroxide 
per  gin.  of zein.  The  corresponding equivalent  combining weights 
become  3,333  and  3,448.  The  average  of  these,  which  is  almost 
identical to  that derived from the average of all the measurements, 
suggests that 3,400 may be taken as the equivalent combining weight 
of  zein  for  sodium  hydroxide.  Six  times  this  equivalent  weight 
leads to the value 20,400 which is in good agreement with the minimal 
molecular  weight  that  has  been  estimated  from  the  amino  acid 
composition  of the  protein.  On  the  basis  of  a  minimal  molecular 
weight of this order these measurements of the base-combining capac- 
ity  of  zein  therefore indicate  that  zein  contains  six  acid  groups. 
This  number  of  groups  exactly  corresponds  with  the  number  of 
dicarboxylic acids that are not amide-bound, and that analyses have 
thus far revealed in zein hydrolysates. 
This  relation  between  the  base-combining  capacity  of  zein  and 
its  content  of  free  groups  of  dicarboxylic acids  is  independent  of 
any  assumption  regarding  the  minimal  molecular  weight  of  the 
protein.  In Table II  the concentration of free  acid groups was cal- 
culated  directly  from  the  percentage  composition  of  zein.  The 
resultant  concentration in  1  gm.  of zein  was  found  to  be  30.1  × 
10 -5 N.  The base-combining capacity of both  of the zein prepara- 
tions  that have thus far been studied was of this order.  As a  first 
approximation it is  therefore permissible to  conclude that  the base- 
combining capacity of this  protein was precisely what  should have 
been  expected from its  composition,  and  from  the  classical  theory 
of the structure of proteins. 
VI. 
The A cid-Combining Capacity of Zein. 
Zein is not amphoteric in its behavior.  It does not combine with 
dilute  acids,  nor  is  it  appreciably dissolved  by  them.  Presumably 
the basic groups that zein contains are not free, at least at the acidities 
that have been reached in these experiments.  Zein is thus possessed 
of a  characteristic almost unique among proteins,  of having no ap- 
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The methods  that have been employed in studying the acid-com- 
oining capacity of zein were very similar  to those that were utilized 
in  measuring  its  base-combining  capacity.  The  zein  was  brought 
into  equilibrium  with  different  concentrations  of  hydrochloric  acid 
in  100 cc.  volumetric flasks by constant  and  prolonged  agitation  in 
TABLE VI. 
Acid-Combining Capacity of Zein. 
Prepaza- ! 
tion and  i 
experi- 
ment No. 
0-5 
0-6 
0-7 
Concentra- 
tion of  HCl 
free HCI.  bound 
~.  mois 
0.0394  0.0006 
0.0389  0.0011 
0.0417  --0.0017 
0.0389  0.0011 
0.0408  -0.0008 
0.0401  -0.0001 
0.0194  0.0006 
0.0206  -0.0006 
0.0191  0.0009 
0.0213  --0.0013 
0.0200  0.0000 
0.0200  0.0000 
0.0201  --0.0001 
0.0095  0.0005 
0.0098  0.0002 
0.0099  I  0.0001  0.0100  0,0000 
0.0099  0,0001 
0.0098  0.0002 
Average..  0.0000 
a  shaking  machine.  When  it  was  believed  that  equilibrium  had 
been established  the zein was centrifuged  to  the bottom of the  vol- 
umetric  flasks,  the  supernatant  liquid  withdrawn  for  analysis,  and 
replaced  by  hydrochloric  acid  of  the  original  concentration.  This 
hydrochloric acid was then  saturated with  the  zein, the  supernatant 94  PHYSICAL CHEMISTRY OF  PROTEINS.  IV 
liquid  freed of precipitate and  analyzed.  In one set  of experiments 
this  operation was  repeated  three  times. 
Measurements  of two kinds  were usually  made  on  the  successive 
fractions  of  acid  that  were  saturated  with  zein.  The  solubility  of 
the zein was determined, and the amount of the acid that had  com- 
bined  with  the  protein  estimated  by  means  of  electromotive  force 
measurements.  These are  recorded in  Table VI,  which is  arranged 
in  precisely  the  same  manner  as  Table  V.  These  calculations  in- 
TABLE  VII. 
Solubility  of Zein in Hydroctdoric Acid. 
Preparation  and 
experiment  No. 
0-5, 6, 7 
0-5, 6, 7 
0-5, 6, 7 
L-14, 15, 16 
Date. 
1994 
Mar. 4. 
"  7. 
Apr. 11. 
"  9. 
Concentration  of hydrochloric  acid: •. 
0.01  [  0.02  ]  0.04 
Zein  nitrogen  in 25 cc. of filtrate. 
rag. 
(0.47) 
0.22 
0.24 
0.31 
0.28 
0.13 
0.17 
0.17 
0.22 
rag. 
0.30 
0.24 
0.27 
0.37 
0.31 
0.34 
0.29 
0.21 
0.26 
0.18 
0.17 
mg. 
0.32 
0.22 
0.27 
0.47 
0.35 
0.41 
(0.46) 
0.29 
0.18 
0.18 
0.17 
dicate that within the accuracy of the measurements,  the zein bound 
none of the acid.  The hydrogen potentials of the hydrochloric acid 
solutions were not measurably changed by the presence of the protein. 
The  solubility measurements  also  showed  no perceptible  effect of 
the hydrochloric acid  (Table VII).  The nitrogen determinations  in 
this  series  were  less  concordant  than  are  sometimes  obtained,  per- 
haps  because of the granular  nature  of the zein precipitate, and  the 
difficulty  of  bringing  it  into  equilibrium  with  a  solvent.  Quad- 
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solubility of the zein,  however,  nor did  the  number  of times  it  was 
washed in acid solution.  Finally, these solubilities were of the same 
order,  though  in  certain  cases  slightly higher  than  the  solubility of 
zein in water. 
vii. 
The Effect of Alkali upon Zein. 
When,  in  the  course  of  its  preparation,  casein  is  brought  to  an 
alkaline  reaction,  its  base-combining  capacity  is  increased  by  one- 
TABLE  VIII. 
Maximum Base-Combining Capacity of Zein. 
Prepara- 
tion and 
experi- 
ment No. 
Zein in 
1 liter. 
gm. 
0-8  12.34 
0-9  14.26 
C, ,n- 
cev tra- 
tio i of 
Na  )H. 
0. DI( 
0. )2C 
E.M,F. 
~O/JS 
1,022C 
1.0223 
1,0200 
1.0218 
1.0450 
1.0460 
1.0459 
1.0456 
Tem- 
pera- 
ture. 
22.0 
22.3 
22.7 
22.5 
~1.9 
~1.8 
~2.6 
]2.2 
pOH- 
2.26! 
2.26~ 
2.30~ 
2.27' 
1.87t 
1.85~ 
1.86, 
1,86~ 
I•NaOH  pOH  o 
-  pv) 
2.233 
2.230 
9.270 
2.238 
1.825 
1.807 
1.812 
1.816 
Concen- 
tratlon 
of free 
NaOH. 
N. 
) .0059 
) .0059 
). 0054 
).0058 
).0150 
).0156 
).0154 
).0153 
Na0H 
Na0H  bound by 
bound.  10 gin. 
of zein. 
tools  tools 
0.0042  0.0034 
0.0041  0.0033 
0.0046  0.0037 
0.0042  0.0034 
0.0050  0 .OO35 
0.0044  0.0031 
0.0046  0.0032 
0.0047  0.0033 
Average..  0.0034 
fourth  (8), presumably because  of the  hydrolytic opening  of bound 
groups.  Zein is much poorer both in free dicarboxylic and in diamino 
acids than is casein.  Provided the internally bound groups in casein 
represented  cyclic  anhydrides,  one  would  expect  alkali  to  have  a 
lesser effect upon the base-combining capacity of zein.  On the other 
hand,  as  experiments  upon  solubility  and  acid-combining  capacity 
indicate,  zein behaves as  though  it possessed  no  free amino  groups, 
while  analyses  reveal  the  presence  of  both  arginine  and  histidine. 
The former is present to the extent of 1.8 per cent and  the latter to 
0.8  per  cent.  Each  gram  of  zein  must,  therefore,  contain  5.2  X 
10  -5  tools  of histidine,  and  10.3  X  10  -5  tools  of arginine.  Even  if 96  PHYSICAL  CHEMISTRY  OF  PROTEINS.  IV 
Bracewell  (17)  is correct in stating  that  the histidine  in the protein 
molecule  does  not  combine with  acid,  the  arginine  in  zein,  were it 
free, should bind  10.3  >(  10 -~ mols of acid,  and  together they could 
combine  15.5  X  10 -~  tools  of  acid.  The  acid-combining  capacity 
of  zein  could  therefore  be  one-third,  or  even  one-half,  as  great  as 
its  base-combining capacity. 
In order to test the effect of reaction upon base-combining capacity 
of zein a  sample of Osborne's zein was dissolved in sodium hydroxide. 
Zein is  a  very weak  acid,  so  weak  as  not  to  be  readily  soluble in 
ammonium  hydroxide,  and  did  not  dissolve  in  sodium  hydroxide 
until  the  hydrogen  potential  was  greater  than  10.  The  dissolved 
zein  was  therefore  brought  to  a  much  more  alkaline  reaction  than 
is  needed  to  open  the  groups  bound  in  native  casein,  was  filtered, 
again  reprecipitated,  and  washed  free  from  the  accumulated  salt. 
The  appearance  of  this  preparation  was  appreciably  different  from 
the  original  material.  When  it  was  dissolved  in  sodium  hydroxide 
solutions,  however,  it  combined  with  very little, if  any  more  base, 
than  saturated  zein.  The  results  of  two  experiments  made  with 
this  preparation  are  reported  in  Table  VIII.  The  average  of these 
results is a  little  higher  than  the  average  of the  results in Table V. 
The  order of the  difference is,  however,  not greater  than  the  experi- 
mental  error,  and  it is only possible to  conclude  from  these  experi- 
ments,  therefore,  that  if untreated  zein  combines  six  basic  equiva- 
lents,  zein  treated  with  alkali  binds  six  or  seven  groups.  On  the 
basis of a  molecular weight of 19,400  zein possesses at most one, but 
more  probably no,  internally  bound  group  that  is  readily liberated 
by  alkali,  whereas  it  contains  at  least  2  arginine  and  1  hisfidine 
molecules. 
The  relation  of zein  to  acids  also  seems  to  have  been  unaltered 
by  this  alkaline  treatment.  Experiments  upon  the  solubility,  and 
upon  the  acid-combining  capacity  of  this  fraction  are  recorded  in 
Tables  IX  and  X.  Zein  so  treated  did  not  combine  acid,  nor  did 
it  dissolve in acid more  than  in water.  All of the  amino  groups  of 
the  diamino  acids must  therefore be firmly bound in  the zein mole- 
cule,  more firmly at  least  than  are  certain  of  the  groups  in  casein. 
If these groups  are  bound  by acid  groups,  either  zein  contains  a 
slightly  greater  concentration  of dicarboxylic  acids  than  have  thus COHN,  BERGGREN,  AND  HENDRY  97 
far been  detected,  or  the  cystine or  tyrosine,  or possibly certain  in- 
ternal  groups,  are  here  functioning  as  acids.  It  might  be  added 
that  recent  investigators  (18)  regard  tyrosine  as  a  divalent  acid, 
and  that  there  is  enough  of  this  amino  acid  in  zein  to  account  for 
the  apparent  discrepancy.  Although  one  might  speculate  further 
TABLE  IX. 
Solubility of Zein in Hydrochloric Acid. 
Preparation and 
experiment No. 
0-3 
Date. 
1924 
Mar. 24. 
Concentration  of hydrochloric add: N. 
0.0  0.01  0.02  0.04 
mg. 
0.22 
0.20 
0.20 
Zeln nitrogen in 25 cc. of filtrate. 
mg.  rag. 
0.20  0.21 
0.20  0.19 
0.20  0.20 
mg. 
0.20 
0.20 
0.20 
TABLE  X. 
Acid-Combining Capacity of Zein. 
Prepara- 
tion and 
experi- 
ment No. 
L-14 
L-15 
L-16 
Zein in 
1 liter. 
gm. 
2.08 
2.08 
2.08 
~oncen- 
tration 
)f HCI. 
N. 
0.01 
0.02 
0.04 
.455~ 
.437; 
.437~ 
.420' 
.42(~ 
Tempera- 
E.H.I~.  ture. 
volts  *C. 
0.4562  21.8 
0  ~  23.3 
22.8 
23.2 
22.6 
22.8 
I 
pH  +  pHC1 
2.059  2.026 
2.044  2.008 
1.731  1.685 
1.738  1.692 
1.440  1.387 
1.443  1.390 
Concentra- 
tion  of  HCI 
free HCI.  bound. 
N,  raOl$ 
0.0095  0.0005 
0.0098  0.0002 
0.0207  -0.0007 
0.0203  --0.0003 
0.0410  --0.0010 
0.0407  --0.0007 
Average..  --  0.0003 
regarding  the  method  by  which  these  bases  are  combined  in  the 
protein  molecule,  it  seems  preferable  to  await  those  analytical  ad- 
vances, which must,  of necessity, yield the  final answer  to this prob- 
lem. 98  PHYSICAL CHEMISTRY OF  PROTEINS.  IV 
It is thus apparent  that up to the present it has not been possible 
completely  to  correlate  behavior  and  composition.  Our  investiga- 
tions  indicate, however, that  zein,  a  protein  with  a  very  low  con- 
centration  of diamino  acids,  has  no  apparent  basic  properties;  and 
that  its  acid properties  are  such as  might be  expected  from the  di- 
carboxylic acids that it contains that are not bound as amides.  Fin- 
ally  the  extremely  small  concentration  both  of  acid  and  of  basic 
groups,  and  the  very low  solubility of zein in  water,  and  in  dilute 
solutions  of  acids  and  alkalies,  characterize  zein  as  a  very  inert 
protein, more inert than any other that we have thus far investigated. 
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